Abstract-Considering microfluidic technology, this work has been innovated to consist of monitoring, temperature control and cooling sections. The work consists of peltier a module attached to the heatsink and fan for cooling purposes. The peltier cooling is used to cool down the fluid from the water reservoir tank that will flow into the microfin CPU block. This work consists of one water reservoir tank that uses feedback system, which makes fluid will flow into the microfin (microfluidic) CPU block, and transferred back to the water reservoir tank. The temperature monitoring is monitored using the Intelligent Temperature Controller (XH-W1401) located near the system. The Arduino coding controls the relay for the on/off operation of the whole system and the water pump is for the cooling section. Overall the methodology implemented and the controller system have been successfully designed, functionally operated and tested. It is found that, the system temperature without the cooling effect reaches up to 80ºC -100ºC while the temperature of the system with the microfluidic microfin CPU block can be reduced to 45ºC -50ºC degree when the processor becomes too hot.
INTRODUCTION
There are many electronic devices in this world that uses a main processor or a microcontroller to control some specific commands of some devices. The easiest example of electronic devices that uses a processor is a laptop or a personal computer that consist of Central Processing Unit (CPU). Computer processors are designed to run at high temperatures and it is completely normal for a CPU to heat up and to actually get very warm. In fact, temperatures of over 90˚C are acceptable but not efficient. A computer's CPU works by either enabling electrical signals to pass through its microscopic transistors or by blocking them. As electricity passes through the CPU or gets blocked inside, it turns into heat energy. While the processor in a highperformance workstation may run hot due to heavy use. The processor in a regular computer that overheats is always a sign of a malfunctioning system [1] .
Many electronic machines that used in factories will have to operate for at least 10 hours for manufacturing purposes. When the device operates for a long time, the processor may become hotter as times goes by. This will make the machines in factory to operate slowly when it became too hot. The processor optimum operation varies with the type of processor itself. Some of them are optimum when they operate at 40ºC-60ºC while other processors are optimum when they operate at 45ºC-55ºC. Nowadays engineers only put cooling fans or heat sinks to cool down the temperature of the processor when it becomes hot.
For this problem, the microfluidic fluid flow in a channel is a perfect choice to control the temperature of the processor when it becomes too hot. This work used a microfin copper channel as the microfluidic fluid flow to control the temperature of the processor monitored by the Intelligent Temperature Controller (XH-W1401). The flow of the fluid in a microfin copper channel is placed on the top of the processor to cool down the processor in its optimum temperature.
II. PROBLEM STATEMENT The Central Processing Unit, or the CPU, is the vital computing unit that forms the main execution core of a computer, and is the most important element of a computer system. It is often called the 'brains' of the computer. A CPU is responsible for processing data by interpreting and executing commands from the computer's hardware and software. This CPU is also known as processor, which is the most important part in electronic devices that needs multiple actions and controllers [2] .
The industry nowadays relies on processors in their factory machines to perform specific controls and actions. The processor is indeed useful in a machine but may become hot if it used for a long time. Many electronic machines that are used in factories will have to operate for at least 10 hours for manufacturing purposes. When the CPU becomes hot, it needs to be cooled for it to operate efficiently. If it is not cooled, it may become overheated slowing the machine actions. The processor optimum operation varies with the type of processor itself (some of them is optimum when they operate at 20ºC-60ºC or 10ºC-50ºC) [3] .
The machines nowadays only have the cooling fan or heat sink to cool down the processor. It does not specifically maintain the temperature at specific temperature. It also does not warm the processor when it becomes too cold. The machine also will operate slowly when the processor is too cold. With the idea of the work performed, this microfluidic fluid flow design with relays and temperature control, the control for the processor in hot and cold condition can be met. This is because the work uses microfluidic fluid flow that can transfer the heat of the processor while the temperature of the processor can be controlled using XH-W1401. The microfluidic flows in a small copper microfin channel that is function as a heat sink to transfer the heat from the processor through liquid flow [4] . This means that we can use the copper microfin channel for the cooling effect of the processor instead of only using the heat sink and cooling fan. We can also stop the fluid flow by turning off the system. The copper microfin (for CPU block) is placed on top of the processor in this system.
III. OBJECTIVES
The aim of this work is to create and design a feedback cooling system by using the microfluidic fluid flow implementation. Thus, the objectives of this work are to design a microfluidic fluid flow with controlled temperature system, to monitor the temperature in the processor by using intelligent temperature controller (XH-W1401), and to control the temperature of the system by using intelligent temperature controller (XH-W1401) and controlling the whole system by using Arduino relays.
IV. SYSTEM AND STRUCTURE
As mentioned earlier, many electronic machines that used in factories operate for at least 10 hours for manufacturing. When the device operates for a long time, the processor may become hotter. This will make the machines in factory to operate slowly when it became too hot or too cold.
This work has 1 water tank, which is the main water tank (reservoir). Then, water flows from the water tank to the cooler via the water pump. The cooler then cool down the water and transfer them to the microfluidic microfin CPU block. The processor is placed on top of the CPU block for the heat transfer. The heat is firstly transferred to the microfin channel, and then the liquid will bring the heat from the microfin out of the CPU block. Next, the liquid will go into the radiator to convert the hot liquid to room temperature. The room temperature liquid is then transferred back to the main water tank. Then, the cycle will go on until the system is turned off [5] .
A. Hardware Development Figure 1 shows the system design block diagram. The wiring view (positive and negative wire) is also included in the block diagram. This is to show the circuit connection of the system. When the relay at the XH-W1401 is closed (on), the system will turn on and the microfluidic fluid flow will occur. There are two other relays included in the block diagram, the water pump relay and the on/off system relay. The water pump relay will function as the maintenance factor for the fluid in the water tank due to dust and so on. The on/off systems relay will turn off the system anytime when it is not needed 
B. Software Development
The flowchart in Figure 2 shows the temperature monitoring system at Blynk App. First, the Blynk App must be connected to the Internet and the Arduino must be connected to the computer by serial USB connection. Once the Blynk App is connected to the Arduino, the Blynk App will send signals to the cloud and then transferred to the Arduino. The temperature sensor will send the analog signal to the Arduino to be converted to the digital signal [6] . The Arduino can read the temperature value in digital form by using particular algorithm and formula that has been uploaded into the Arduino. The Arduino will then send the temperature value signal to the Blynk App. The Blynk App will then show the temperature value in plotted graph. The Blynk App will continue to read the signal as long as the Blynk App is connected to the Arduino and the Internet. If the connection is loss, then there is no temperature reading to be displayed at the Blynk App graph. 
V. RESULTS AND DISCUSSION
The connection in Figure 1 shows that the water pump relay and the on/off system are connected in parallel circuit. This means that the water pump can be turned on even when the system is off. The system relay only functions to enable and disable the power supply to be supplied to the XH-W1401 temperature controller. If there is no supply to the XH-W1401, then the automatic temperature control system is not working. If the power is supplied to the XH-W1401, then the automatic control system can be used. The XH-W1401 will supply the power to the fans, peltier and water pump when the temperature reaches 50˚C. The temperature at the processor CPU block will then decreased as the system is operating. When the XH-W1401 decreases to 40˚C, the XH-W1401 relay will turn off. Hence the system is not operating at 40˚C and below. Figure 3 shows the top and front view of the system design featuring the PVC tube, water tank, water pump and the wood base while Figure 4 shows the left view of the system design featuring the cooler (combination of peltier, thermal grease, heat sink, and a fan), and the Intelligent Temperature Controller (XH-W1401). Figure 5 shows the right view of the system design featuring mainly the radiator and its two cooling fans installed. The system case is made from Aluminium, glass perspex, while the case base is made up of wood. The Figure 6 shows the bar chart graph of the Time versus Temperature at CPU when the system starts to operate. XH-W1401 device uses the relay concepts to control the power that is supplied to the cooler, water pump and radiator fans of the system. The system will turn on when the relay is closed. This will supply the power to the cooler, water pump and radiator fans.
As soon as the thermistor at XH-W1401 detects temperature above 50˚C, the system starts to operate. When the system operates, the cooler and the water pump is turned on and transferring the fluid from the water tank to the whole system. The red bar indicates that the temperature at CPU still increases from 50˚C to 72˚C. This is because the cooling part needs a little bit of time to cool down the Aluminium block at the peltier before it reaches to cold temperature ranging 10˚C to 20˚C for the fluid to be transferred to the microfin CPU block. The blue bar indicates that the decreasing of CPU temperature starts to occur when the system is operating. It only takes 2s for the temperature to decrease from 72˚C to 70˚C. Then, the temperature decreases from 70˚C to 60˚C takes for about 10s. From this, we can know that it takes 12s to cool down 12˚C from 72˚C to 60˚C. The time taken to cool down the processor starts to rise when the temperature decreases from 60˚C to 50˚C and from 50˚C to 40˚C. The time taken to cool down the processor for 60˚C to 50˚C is 18s and from 50˚C to 40˚C is 22s. The results obtained is analysed based on the theory of Newton's Law of Cooling states that the rate of change of the temperature of an object is proportional to the difference between its own temperature and the ambient temperature (i.e. the temperature of its surroundings). Hence this phenomenon occurs because in other words Newton's Law of Cooling states that the hotter an object is, the faster it cools.
The overall decreasing in temperature range will result in longer time taken to cool down the temperature. For example, if we put cold water of 15˚C to a hot plate of 72˚C, the time taken to cool down the hot plate for 10˚C is shorter than if we put cold water of 15˚C to a hot plate of 50˚C. This concept is the same as shown the Figure 6 . The total time taken to cool down the CPU is 2s + 10s + 18s + 22s = 52s. If we tested it with lower temperature of heating equipment e.g. 70˚C, we can get a shorter total time taken to cool down the processor. Hence generally the Newton' law of cooling has proven that the time taken for cooling down the system is longer when it has been heated up until 100 as compared to 70. However the exact or detail data for this system is still under study.
Another finding is the system temperature without the cooling effect would reach up to 80ºC -100ºC while the temperature of the system with the microfluidic microfin CPU block can be reduced to range of 45ºC -50ºC degree when the processor becomes too hot.
VI. CONCLUSION
In conclusion, the objectives of this work, which is to design the feedback cooling system by using the microfluidic fluid flow system and with temperature controlled and monitoring system using intelligent temperature controller have been successfully achieved. The temperature control system can also be monitored from the Blynk App. There are lots of improvising and modifying processes that have been done in order to produce a fully functional microfluidic fluid flow with temperature control system.
